The characterization and quantification of pregnenolone in human sciatic nerves were undertaken, following previous demonstration of the synthesis of this steroid in rat brain oligodendrocytes, to explore the hypothesis that Schwann cells may demonstrate the same biosynthetic activity. Pregnenolone was definitively identified by mass spectrometry and quantified by specific radioinmunoassay. Its concentration (mean ± SD, 63.9 ± 45.9 ng/g of wet tissue, n = 12) was 2100 times the plasma level and concentration found in tendons and muscle. No correlation was found with sex or age. Free dehydroepiandrosterone as well as sulfate and fatty acid esters of pregnenolone and dehydroepiandrosterone were also measured. Results are discussed in terms of the concept that these "neurosteroids" may be synthesized in the peripheral nervous system. Pregnenolone (3(3-hydroxy-A5-pregnen-20-one) accumulates in the rat brain independently of endocrine gland function, and its synthesis from cholesterol in oligodendrocytes has been demonstrated (1, 2), justifying the term "neurosteroid" (3). Measurements by radioimmunoassay have indicated that pregnenolone is present also in human brain and cranial nerves at levels similar to those in the rat (i.e., -0.1 ,umol/g of wet tissue) (4-6). Since (wt/vol) KOH for 1 hr at 80°C followed by 12 hr at room temperature. To measure the sulfated steroids present in the aqueous phase after isooctane/ethyl acetate extraction, solvolysis was performed in three cases as follows: the aqueous phase, once brought to pH 1 with sulfuric acid and made 20%o-NaCl, was extracted three times with ethyl acetate and the pooled extracts were incubated at 37°C for 16 hr. Further processing was carried out according to Burstein and Lieberman (9). Free steroids recovered in each of the free, saponified, and solvolyzed fractions were separated by partition chromatography on celite microcolumns before radioimmunoassay (4, 10). The addition of 3H-labeled steroids allowed appropriate corrections to be made for losses during the isolation procedures.
Pregnenolone (3(3-hydroxy-A5-pregnen-20-one) accumulates in the rat brain independently of endocrine gland function, and its synthesis from cholesterol in oligodendrocytes has been demonstrated (1, 2) , justifying the term "neurosteroid" (3) . Measurements by radioimmunoassay have indicated that pregnenolone is present also in human brain and cranial nerves at levels similar to those in the rat (i.e., -0.1 ,umol/g of wet tissue) (4) (5) (6) . Since oligodendrocytes and Schwann cells can share several metabolic characteristics, including the synthesis of myelin, the question arose whether neurosteroids were components 'of the human peripheral nerve system. In absence ofany previous information which could help to answer this question, we decided to identify pregnenolone rigorously and to measure it by specific radioimmunoassay in sciatic nerves obtained from humans shortly after death. Sulfate and fatty acid esters of pregnenolone were also determined, as well as free and esterified dehydroepiandrosterone (DHEA; 3,8-hydroxy-A5-androsten-17-one).
MATERIALS AND METHODS
Chenocals. [1, 2, 6 , 7-3H]DHEA (79 Ci/mmol; 1 Ci = 37 GBq) and [7- 3HIDHEA sulfate ammonium salt (16.3 Ci/mol) were obtained from New England Nuclear. [7-3H] Pregnenolone (12.7 Ci/mmol) was purchased from Amersham.
This steroid was used for the microscale synthesis of [7- 3Hlpregnenolone sulfate (7) . The purity of each 3H-labeled steroid was checked by thin-layer chromatography and purification was carried out when necessary with the system previously reported (4, 7) . Unlabeled Burstein and Lieberman (9) . Free steroids recovered in each of the free, saponified, and solvolyzed fractions were separated by partition chromatography on celite microcolumns before radioimmunoassay (4, 10) . The addition of 3H-labeled steroids allowed appropriate corrections to be made for losses during the isolation procedures.
Radioimmunoassays. Pregnenolone and DHEA and their respective sulfate and fatty acid esters were measured by radioimmunoassays using specific antibodies (5, 11) . Measurements were made in triplicate on three dilutions of the fractions, thus allowing the construction of regression lines (measured picograms versus dilution) whose slopes gave the concentrations of steroids in the samples. Results were expressed as nanograms of steroid (free or released from conjugates) per gram of tissue, and standard deviations were calculated.
Gas Chromatography-Mass Spectrometry (GC-MS). Unconjugated pregnenolone from sciatic nerves was identified by GC-MS. After individual measurements by radioimmunoassay of the fractions from the celite partition chromatography, the remaining unconjugated pregnenolone from three the value of 8.05 ng by radioimmunoassay. Thus the GC-MS value was consistent with the radioimmunoassay value. The data prove the identity of unconjugated pregnenolone. In contrast, GC-MS evidence for pregnenolone released from its sulfate or fatty acid esters could not be obtained. While interference by contaminants was an important reason, peaks with the retention time of pregnenolone trimethylsilyl ether were at least 5-10 times less intense in the analysis of compounds released from the sulfate and fatty acid esters than in the analysis of unconjugated pregnenolone. Thus, the evidence for the presence of esterified pregnenolone rests on the partition chromatographic behavior on celite and the specificity of the radioimmunoassay. Interference by other steroids is unlikely but nonspecific binding of neutral contaminants may influence the assay.
Concentration of Pregnenolone in Human Sciatic Nerve. Triplicate measurements of pregnenolone were carried out by radioimmunoassay on four sets of dilutions of each of the three isolated fractions (unconjugated fraction, solvolyzed sulfate fraction, saponified fatty acid fraction). Free pregnenolone ranged from 20.4 to 159.9 ng/g with no significant relation to sex or age of the corpses (Table 2 ). Pregnenolone sulfate in three cases ranged from 13.2 to 39.8 ng/g. Pregnenolone in the saponified fatty acid ester fraction ranged from 13.0 to 45.5 ng/g. Concentration of DHEA in Human Sciatic Nerve. Free DHEA and DHEA released from sulfate and fatty acid esters were chromatographed on celite microcolumns. The DHEAcontaining fraction, completely separated from pregnenolone, was used for radioimmunological measurements of DHEA. Concentrations of DHEA sulfate were much higher than those of free and fatty acid-esterified DHEA (Table 3) .
Concentration of Pregnenolone in Other Human Tissues.
Tendon, muscle, and spleen tissues derived from the corpse of a 44-year-old woman were collected and processed as sciatic nerve samples. Tendon from a 61-year-old man was also studied. Results were compared with those obtained for the sciatic nerves (Table 4) . In tendons and muscle, concentrations of pregnenolone, pregnenolone sulfate, and DHEA sulfate were markedly lower than in sciatic nerves. In contrast, spleen contained much pregnenolone, pregnenolone sulfate, and DHEA sulfate, actually several times more pregnenolone and pregnenolone sulfate than in sciatic nerve. However, the concentration of pregnenolone esterified by fatty acids was of the same order of magnitude in all tissues. 
DISCUSSION
Since pregnenolone and DHEA and their sulfate and fatty acid corjugates have been characterized in the rat brain and measured in human brain, it was of interest to see whether they were also present in human peripheral nerves. Schwann cells share several developmental and metabolic characteristics with oligodendrocytes, and in the rat these myelinforming cells can synthetize pregnenolone from cholesterol (1) .
In this work, pregnenolone was definitively identified in human sciatic nerves obtained from corpses within 48 hr after death. Pregnenolone was measured by specific radioimmunoassay as a free compound, and also in fractions obtained after solvolysis and saponification, containing sulfate and fatty acid ester conjugates, respectively. In addition, DHEA and its conjugates were measured in a few sciatic nerves. Steroids in other tissues were also measured in two cases, for tentative quantitative comparison.
The identification of free pregnenolone isolated from collected nerves was based upon four criteria: (i) identical retention volume on celite partition chromatography, (ii) detection and measurement by a specific radioimmunoassay, (iii) identical retention time of the trimethylsilyl ether derivative upon capillary column GC, and (iv) identical pattern of diagnostically important ions upon GC-MS analysis. In addition, the quantities measured by radioimmunoassay and by GC-MS agreed within 20%. Identification of pregnenolone derived from the sulfate and fatty acid ester fractions obtained from extracts of the sciatic nerves was based only upon the first two criteria.
The concentration offree pregnenolone in 12 sciatic nerves varied from 20.4 to 159.9 ng/g (mean, 63.9 ± 45.9 ng/g). This is much higher than the plasma concentration of free pregnenolone measured by Lacroix et al. (5) in subjects of corresponding age, certainly excluding contamination of nerve extract by plasma, and is consistent with either selective accumulation or synthesis in the nerves. However, it is clear that the difference of concentration depends on the basis ofthe calculation and would be reduced ifexpressed per gram offat, for instance. The pregnenolone concentrations in human sciatic nerves are in the same range as those reported in human (5, 6) and rat (4) brain. Myelination in the peripheral nervous system is carried out by Schwann cells in the place ofoligodendrocytes, and it is possible that Schwann cells also share with oligodendrocytes the capacity to produce neurosteroids from cholesterol.
For pregnenolone sulfate, the values obtained in three cases are of the same order of magnitude as those of pregnenolone sulfate determined in the plasma in younger adults (13) (14) (15) . Such data are not in favor of contamination by plasma pregnenolone sulfate, and this is even more so with the very low values found in tendons and muscle.
The concentration of pregnenolone fatty acid esters in nine sciatic nerves (31.2 10.0 ng/g) is not significantly different from that found in other tissues but is much higher than that found in plasma (five determinations in two men and two women between 45 and 65 years of age: 5.2 + 0.8 ng/ml; C.C., unpublished data). These levels are similar to those previously reported in rat and monkey brain and plasma (10) . The mode of biosynthesis and the biological significance of steroid fatty acid esters are still unknown.
Free DHEA and DHEA sulfate concentrations in sciatic nerves average 6.4 2.8 ng/g and 136 35.3 ng/g, respectively. Free DHEA concentration in sciatic nerves is higher than that reported in human plasma (5, 16) and is distinctly lower than that of free pregnenolone in the brain. Whether or not nerve DHEA derives from nerve pregnenolone cannot be deduced from these results, as in the case ofbrain steroids (4, 17) . The very high concentration of DHEA sulfate in human plasma (16) may explain some contamination of nerve extracts. However, the very small amounts of DHEA sulfate found in muscle and tendon tissues suggest that sciatic DHEA sulfate is not a plasma contaminant but is formed or accumulated in the nervous tissue. The very low value of DHEA in the fatty acid esterified fraction is curiously in contrast with the value of pregnenolone fatty acid esters, a result also found in the rat brain (18) . A large discrepancy was observed between radioimmunoassays and GC-MS determinations of steroids released from sulfate and fatty acid ester fractions. Full caution should be exerted in interpreting concentrations of these pregnenolone and DHEA derivatives in all types of biological materials.
The preliminary determinations of pregnenolone in other tissues are intriguing. In tendons and muscle, values of "neurosteroids" are very low, with the exception of pregnenolone fatty acid ester. Values found in the spleen, in contrast, indicate high levels of pregnenolone, pregnenolone sulfate, and DHEA sulfate. At least for pregnenolone, the high concentration in spleen cannot be explained by plasma contamination and indeed is also consistent with previous findings in rat spleen (4) . The significance of these high levels of pregnenolone is not known. 
